This study demonstrates the synthesis of TiO 2 nanobelts using solution combustion derived TiO 2 with enhanced photocatalytic activity for dye degradation and bacterial inactivation. Hydrothermal treatment of combustion synthesized TiO 2 resulted in unique partially etched TiO 2 nanobelts and Ag 3 PO 4 was decorated using co-precipitation method. The catalyst particles were characterized using X-ray diffraction analysis, BET surface area analysis, diffused reflectance and electron microscopy. The photocatalytic properties of the composites of Ag 3 PO 4 with pristine combustion synthesized TiO 2 and commercial TiO 2 under sunlight were compared. Therefore the studies conducted proved that the novel Ag 3 PO 4 /unique combustion synthesis derived TiO 2 nanobelts composite exhibited extended light absorption, better charge transfer mechanism and higher generation of hydroxyl and hole radicals.
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Introduction
As a result of radical urbanization, the quality of water has been compromised. Further, improper waste water treatment in industries, dumping of wastes causes water pollution. Besides chemical contamination, bacterial infections pertaining to water contamination must also be considered seriously.
Fecal bacteria such as Escherichia, fecal coliforms, Staphylococcus, Pseudomonas, Streptococcus species in water cause various infections 1 and are a menace to public health. 2 The primary objective of any disinfection process in water treatment is the control of water-borne diseases through inactivation of pathogenic microorganisms in the water. 3 Generation of reactive oxygen species to degrade the chemical contaminants and pathogens by advanced oxidation process using nanoparticles is one of the solutions for water purification.
Over the past years, research on nanomaterials is increasing rapidly because of their valuable
properties. There are several methods of synthesis of nanomaterials and varying morphologies such as nanorods, spheres, discs, nanoflowers, platelets etc. 4, 5 have been obtained and used for different Silver and silver based compounds such as AgBr, AgI, Ag 3 PO 4 , have been used for photocatalytic and antibacterial applications. [14] [15] [16] Silver is being used as an effective antimicrobial agent because silver exhibits strong cytotoxic activity against a broad range of microbial organisms. 17 Recently, in addition to pristine silver, silver based photocatalysts are used widely for photocatalytic applications. AgBr on AgVO 3 nanobelts has shown efficient plasmonic photocatalytic activity against Rhodamine-B with good stability. 16 Surfactant assisted high-crystalline AgI nano plates showed better photocatalytic activity under visible light. 14 Ag 3 PO 4 , Ag/Ag 3 PO 4 showed better absorption of visible light and exhibits excellent antibacterial activity. 18 Recent studies on the activity of AgBr composite with iron oxide has enhanced the photocatalytic activity under visible light 19, 20 . Similarly Ag 3 PO 4 composite with TiO 2 Fe 2 O 3 and GO has shown better and synergistic photocatalytic activity compared to their pristine composition and also by facilitating magnetic separation of the photocatalyst [21] [22] [23] [24] .
In this study, TiO 2 (CST) was prepared by the solution combustion method using ascorbic acid as a reducer. Recent reports have shown that as the nature of the TiO 2 precursors varies, the attributes of the nanobelts derived from them changes significantly 25 . The TiO 2 nanobelts (CSTNB) were synthesized using combustion synthesized TiO 2 as a novel precursor. Ag 3 PO 4 has been impregnated on these TiO 2 nanobelts by simple co-precipitation technique. This is the first study to report impregnation of Ag 3 PO 4 on TiO 2 nanobelts prepared using combustion synthesized TiO 2 as a precursor for photocatalysis under natural sunlight. The photocatalytic degradation of organic pollutants and antibacterial activity of Ag 3 PO 4 impregnated combustion synthesized TiO 2 and TiO 2 nanobelt compounds has been compared with commercial TiO 2 (Degussa P-25). 
The reaction mixture was kept in a preheated furnace at 350 o C for 15 min and a smoldering combustion reaction was observed. The combustion product was grounded finely to obtain a pale yellow colored powder. 
Characterization
X-ray diffraction spectra were obtained from Rigaku diffractometer using Cu-Kα radiation with a scan min. These dispersed samples were drop-casted on silica wafers which were stuck to carbon tape on SEM aluminium stub. The prepared samples were kept under vacuum for 12 h; after that samples were gold sputtered using Quaram sputtering machine to prevent sample charging effect and SEM images were taken. Transmission electron micrographs were acquired with Tecnai T20 operated at 180 kV. Samples for TEM analysis were prepared by dispersing it in isopropanol and subjected to ultrasonication. Later, the samples were drop casted on copper grid and kept under vacuum for 12 h.
Diffused reflectance spectra were obtained using solid state UV-visible spectrophotometer (Perkin Elmer). Photoluminescence measurements were performed using PL-Spectrophotometer (Perkin Elmer). The absorbance measurements for photocatalysis experiments were measured using UVVisible spectrophotometer (Shimadzu-UV 1700). Samples were regenerated at 120 °C for 2 h prior for BET surface analysis using Nova-1000 Quantachrome. The data was obtained by using Belsorb surface area analyzer (Smart instruments) with the help of liquid nitrogen (77 K) and water (300 K) atmospheres for both adsorption and desorption of N 2 .
Photochemical reactor and photocatalysis
100 ml quartz reactors were used to perform photocatalytic experiments. Photocatalytic dye degradation and antibacterial degradation experiments were conducted under direct sunlight between 11:00 am to 2:00 pm, when the solar intensity fluctuations are less and the intensity was ~975 W/m 2 .
The reaction mixture was stirred vigorously using a magnetic stirrer and the samples were collected from the reactor at specific time to measure absorbance. Experiments were done in dark to measure the adsorption of dye over catalyst particles.
Photocatalysis was performed using 20 ppm aqueous solution of methylene blue and 30 ppm aqueous solution of methyl orange. The catalyst concentration was maintained as 1 g/l for all the experiments.
The catalyst particles were initially suspended in the dye solution and kept in dark for 1 h to achieve stable absorption-desorption equilibrium. Samples were collected from the reactor at regular intervals and centrifuged at 5000 rpm for 5 min to separate catalyst particles from solution and absorbance was measured using UV-visible spectrophotometer.
Antibacterial evaluation
Bacterial culture of wild type Escherichia coli strain was prepared using liquid nutrient broth. Glass . This pattern was also manifested in the Ag 3 PO 4 /TiO 2 nano heterostructures ( Fig.1 (d) ).
Therefore, successful impregnation of Ag 3 PO 4 over acid etched TiO 2 nanobelts can be corroborated based on these observations.
Diffuse reflectance spectrophotometry
The UV-vis diffuse reflectance spectra of the 
Microscopic analysis
The morphological features of acid etched TiO2 nanobelts and Ag 3 PO 4 impregnated TiO 2 nanobelts were studied using SEM and HRTEM micrographs. SEM image of acid etched TiO 2 nanobelts before acid treatment was shown in Fig. 3 (a) . An acid corrosion treatment led to partial etching of nanobelts and subsequent formation of several TiO 2 islands on existing nanobelts and also on partially etched nanobelts, as shown in Fig.3 (b) . Fig.3 (d) . The structural analysis of the Ag 3 PO 4 /TiO 2 heterostructures was done by HRTEM.
As shown in Fig.3 (f (Fig. 4(a) ). These bands correspond to the Ag + of Ag 3 PO 4 . The band observed in Fig.4 (b 
Photoluminescence spectroscopy
The photoluminescence spectra of Ag 3 PO 4 impregnated combustion synthesized TiO 2 and acid etched including the peak at 460 nm which acts as traps for charge. 40 In the case of Ag 3 PO 4 impregnated with acid etched TiO 2 nanobelts the photoluminescence intensity decreased significantly which can be attributed due to efficient charge transfer and charge separation mechanism.
Photocatalysis

Photocatalytic degradation of dyes
The photocatalytic performance of Ag 3 PO 4 /CST and Ag 3 PO 4 /CSTNB was assessed by the degradation of organic dye molecules under sunlight irradiation. Fig. 6 (a) and 6 (b) shows the degradation of both cationic (methylene blue) and anionic (methyl orange) dyes. These catalysts were compared to the composite of Ag 3 PO 4 with standard commercial grade TiO 2 , Degussa P-25 (Ag 3 PO 4 /P-25).
Photodegradation experiments were also conducted using pristine 
Antimicrobial activity
The bacterial degradation experiments were performed under natural sunlight using Ag 3 PO 4 /P-25, Ag 3 PO 4 /CST, Ag 3 PO 4 /CSTNB and Ag 3 PO 4 . Photolysis experiments were done without any catalyst particles in the bacterial suspension. Control experiments were also carried on using just the catalysts in the bacterial suspension but in the absence of sunlight. As shown in Fig.7 (a) . From 
Scavenger reactions
It is known that principal factor of photocatalysis is generation of reactive radicals. Therefore, it is necessary to evaluate the nature of the reactive radicals responsible for the catalytic degradation. The photocatalytic reactant mixture was mixed with various scavengers and the degradation was carried out. 
Stability
The reusability of the catalyst has been performed by photo-degrading methylene blue under solar radiation. The catalyst particles were centrifuged and dried at 100ºC after each cycle. The catalytic stability was shown in fig.9 as a 3D profile representing methylene blue degradation with respect to each cycle. As compared to the pristine Ag 3 PO 4 , Ag 3 PO 4 impregnated on acid-etched TiO 2 nanobelts shows consistent photocatalytic activity even after 3 cycles. This might be due to tight anchoring of Ag 3 PO 4 on the surface of acid etched nanobelts that enhances the stability of the composites.
Conclusions
This study indicates the outstanding properties exhibited by the novel combustion synthesis derived 
